Abstract. The springback of 22MnB5 steel in hot forming was investigated using simulation of AUTO-FORM, and a mechanics model is presented to analysis spring-back. The results show that temperature is key parameter to affect the springback of 22MnB5 steel in hot forming. Raising temperature is effective method controlled the springback in hot forming of 22MnB5 steel. When temperature is below 300℃, the thickness of sheet has influence on the springback. While temperature is over 500℃, the effect of the thickness of the sheet on springback is not significant. Blank holder force, friction coefficient, punch radius, strain rate have little effect on the springback in sheet metal forming for 22MnB5 steel.
Introduction
In general, the steel used in cold stamping is the low carbon steels usually with the carbon content of 0.08%, 0.15% and 0.2%. This type of steel, characterized by good cold ductility and low cold deformation localization, cold-work hardening, low strength and etc., is used largely in the automobile industry. In order to reduce the vehicle weight and improve crashworthiness qualities, the components made by the ultra high strength steel were developed [1] [2] [3] [4] . The ultra high strength steel with above 1000MPa tensile strength, of which is strengthened by heat treatment, has been widely paid close attention in the automobile and aerospace industry in recent years.
22MnB5 steel is ultra high strength steel used for sheet metal forming. Components of the material, with martensitic microstructure, should be produced by the hot stamping process with water-cooled tools [4] [5] [6] . In addition to the parameters of conventional sheet forming, thermal parameters should be controlled for good mechanical properties of components during hot stamping process. If the forming temperature is too high, the thickness of the sheet will be so thin that it cracks; if too low, the amount of springback will be so big for the dimension of the formed part that it deviates largely from the die [11] [12] [13] [14] [15] . The starting and finishing temperatures of the forming process are the important parameters in the hot stamping process. In order to obtain martensitic microstructure, the sheet has to be austenitized. After that, the sheet is formed and then quenched. Another important parameter is the cooling rate. If the rate is too small, the mastensitic microstructure will not be obtained. Hot forming is a complicated process. There are some parameters to affect the forming process. If some parameters are not selected properly, some defects, such as crack, springback, etc., will not be avoidable; and the desired mechanical properties of the forming components will not be achieved. The temperatures of forming start and end are important parameters for hot stamping process. Up to now, there are many problems for the forming quality of ultra high strength steel. The sheet metal forming of the steel just focuses on the products with poor precision. It is due to complexity in controlling thinning and springback in the forming process.
In recent years, some software packages were used to predict the results about physics, chemistry, mechanics, engineering, etc. in microscopic and macroscopic views and help to get deep information. Usually, they are based on the differential equations or famous laws and can give as good results as experiments, whose results are also based on data processing, such as spectrum analysis of materials. Some software packages of FEM (Finite Element Method) are successfully used to analyze processes of materials processing. For sheet metal forming, the FEM software packages, such as PAM-STAMP, DYNA-FORM, AUTO-FORM, have been used to help forecast the defects in products This paper will present some calculation results with AUTO-FORM, to find proper information about sheet metal forming of 22MnB5 steel. A mechanics model of deformation for springback is established to analyze the effect of temperature and thickness on the springback. Other effect of the parameters on springback is also discussed.
Numerical Investigation Method

Software, Investigation Parameters Definitions and Validation
An FEM software of sheet metal forming, called AUTO-FORM, was used to get the data for analysis. U-shaped component and the tools were used to investigate the features of sheet metal forming, as shown in Figure 1 . Springback, making the dimension of the formed sheet deviate from the target, is an important feature in sheet metal forming.  d and  p (as shown in Figure2) are the angles selected to identify the level of springback [16] . In Figure 2 , the Y axis is center symmetric line of the U-shaped component, X axis is horizon line, tangent to the work piece . AC is equal to 35mm, C is a point on the component, D is a middle point of line AC. DB is a horizon line, and B is a point on the component. Line EBF is tangent to the component. The angle between EBF line and X axis is called  p . The angle between EBF line and GH is called  d . For validation, a simple example of springback with experimental results was adopted [17] , whose tool is same as shown in Figure 1 . The calculation precision of the software for the springback of U-shaped sheet was evaluated by the example. The experimental materials are DP600 and TRIP600. The gap of the punch and die was 1.54mm; the blank holder force was 5KN；The friction factors for DP600 and TRIP600 were selected as 0.104 and 0.116. The initial size of the blank is 360mm, 40mm, 1.4mm. The properties of the materials are shown in Table 1 . The calculation and experimental results are shown in Table 2 , in which the parameters are Δ p (angle difference between  p on the deformed sheet after deformation and on the tool) and Δ d (angle difference between  d on the deformed sheet after deformation and on the tool). The validated results of Table 2 show that the simulation results are agreeable to the experiment results. The simulation results could be acceptable to predict the data in the sheet metal forming process.
Table1. The mechanical properties of the materials. E-modulus of elasticity; -Poisson ratio; s-yield strength; b-tensile strength ;K-hardening coefficient; n-strain hardening index; R0, R45,R90-anisotropic index Table 2 . The U-bending springback angles of different materials. 
Numerical Investigation Preparation
Mesh and Element Type. Simulation results are influenced by the type of element and number of element. In this investigation, the shell element is selected and the initial number of element is 49926 and the number of layers is 11. The more the number of element are, the higher the calculation precision is, but the more the time of calculation is. In this investigation, the calculation precision does not change as the number of element increases.
The Model of Material and the Simulation Parameters. In this investigation, the material is 22MnB5, whose chemical composition is 0.22%C, 1.25%Mn, 0.25%Si, 0.035%Ti, 0.03%Al, 0.2%Cr, 0.03%B, 0.1%Mo, 0.008%S, and 0.0025% P. At different temperatures, the elastic modulus and the Poisson's ratio are shown in Figure 3 and the flow stress at different temperatures for different strain rates is shown in Figure 4 . 1.00s
The parameters of the tools in the forming process were set as: initial thickness of blank is 1.4mm, the gap between the die and the punch is 1.8mm, initial holding force of blank holder is 50KN, the depth of forming is 70mm, the radius of the die is 5mm, the radius of the punch is 5mm, the friction coefficient is 0.15; and the temperatures are 300℃, 500℃, 650℃, 700℃ respectively.
Results and Discussion
The Effect of Forming Temperature on Springback
In sheet forming, the springback will make the dimensions of the deformed sheet deviate from those of the die. In the forming process, the amount of the springback should be controlled to the smallest. For the high strength steel, the amount of springback is more in the cold deformation process. One of the reasons to shape the materials in elevated temperature is to reduce the springback. The springback is investigated at temperatures between 300℃～700℃ in order to find the proper forming temperature of 22MnB5 steel.
For different temperatures, the shapes of the sheet of 1.8mm before and after deformation are shown in Figure 5 . From 300℃ to 700℃, the higher the temperature is, the smaller the springback is, and the springback is gradually unobvious at 700℃. For different thicknesses, the angle  p after springback at different temperatures is shown in Figure 6 . For a certain thickness, the angle  p after springback is decreased with increasing temperature. When the temperature is higher than 500℃, the angle  p after springback is close to 90°, which is the forming destination angle. For different temperatures, the angle  p after springback is shown in Figure 7 . It is shown that the changing of the angle  p after springback with thickness is not obvious at above 500℃. From above results, it can be concluded that the springback is easy to control at above 500℃. When the sheets are heated to above recrystallization temperature, the dynamic recovery and recrystallization will occur and it will result in decreasing of material elastic modulus. The bigger the elastic modulus is, the more the springback will be. The elastic modulus is one of the important mechanical properties to affect directly the springback. Another affect factor for the springback is the amount of deformation. For different thicknesses, the major strains changing with temperature at bending corner are shown in Figure 8 . The major strain increases with the increasing of thickness (or temperature). For the same radius of the sheet, the amount of deformation is bigger at skin of outer surface than that of the thinner one. The bigger deformation will result in more layers of the sheet into plastic deformation. 
Target shape
After spring back Target shape
After spring back
The more layer of plastic deformation in the outer thickness will constrain resilience (springback) of the inner layer. From Figure 6 and Figure 7 , it can be seen that the angle  p after springback decreases with the increasing of temperature (or thickness). Figure 6 . The changes of angle  p after springback Figure 7 . The change of angle  p after springback with with temperature for different thicknesses.
thickness for different temperatures.
A mechanics Model of the Springback as Banding
During banding, the springback is a primarily result of recovery of elastic deformation on thickness.
A model of strain distribution on the thickness of sheet section is illustrated in Figure 9 . The strain distribution on the thickness of sheet section after loading is shown in Figure 9 (a). When unloading, the part of elastic deformation will disappear and the plastic deformation will persist in the sheet. The elastic tensile part of strain is blue, and the elastic compression part of strain is green; the plastic tensile part of strain is red, and the plastic compression part of strain is magenta. When deformation at a low temperature, the yield strength is high and the strain is elastic portion on all of the thickness as shown in Figure 9(a) (1) . When the deformation temperature is raised, the yield strength will decline, and the thickness will be divided into two portions-the elastic and elastic-plastic region. As the stress exceeds the yield strength on the layer of thickness, the outer layer is elastic-plastic region and the inner layer is elastic region as shown in Figure 9 (a) (2). There is no forever deformation in the region that the stress is smaller than yield strength. However, there is just forever deformation in the region that the stress is bigger than yield strength. When temperature is raised further, the yield strength will decline further, and the elastic-plastic region will increase ulteriorly, and elastic region will decrease as shown in Figure 9(a) (3) . The higher the temperature is, the more the elastic-plastic region in the thickness is. When unloading, if the layers do not restrict each other, the elastic strain will disappear as shown in Figure 9 (b). The plastic strain in Figure 9 (a) (the color red and magenta) will be preserved in the sheet, and the elastic strain in Figure 9 (a) (the colors blue and green) will disappear. But the layers restrict with each other, so that the deformation will occur in the no forever deformation region in Figure 9 (b) duo to tying up by the forever deformation region. The amount of deformation in the forever deformation region in Figure 9 (b) will decrease, as shown in Figure 9 (c). The higher the temperature is, the lower the yield strength is, and the more the forever deformation region is, the lesser the springback is. If the temperature increases to certain value, the elastic deformation will not exist, and the angle on work piece will come to the target angle. Raising temperature is one of the methods to improve the springback. For a certain temperature, the thickness of plastic deformation will be more when the thickness is bigger. There is more forever deformation in thickness, and thus less springback.
The Effect of Parameters on Springback
In sheet metal hot forming, there are other parameters except temperature and thickness, such as blank holder force, friction coefficient, punch radius, strain rate, etc. In section 3.1, we have seen the springback is sensitive to temperature, and thickness at low temperature. Figure 10 shows the effect of other parameters (blank holder force, punch radius, strain rate and friction coefficient) on springback. The results show that these parameters have little effect on the springback. 
Summary
Temperature is a key parameter to affect the springback of 22MnB5 steel in hot forming. When temperature is below 300℃, the angle  p after springback is over 110 0 (target is 90 0 ). When temperature is over 500℃, the angle  p after springback is under 95 0 (target is 90 0 ). Raising temperature is an effective method to control the springback in hot forming. When temperature is 700 0 , the angle after springback is 91.5 (target is 90 0 ). When temperature is below 300℃, the thickness of the sheet has influence on the springback. As the thickness is 1.2mm, the angle  p after springback is 122.5 0 ; as 1.8mm, is 111 0 . When temperature is over 500℃, the effect of the thickness of sheet on springback is not significant.
The temperature and thickness of the sheet have an influence on the major strain. The higher the temperature is, the bigger the thickness is, the higher the major strain is. The higher major strain will cause more thickness of material into plastic deformation, and thus affect springback.
Blank holder force, friction coefficient, punch radius and strain rate have little effect on the springback in sheet metal forming for 22MnB5 steel.
